One of the main characteristics of the (recently proposed) non-arbitrage valuation of equities framework is the reduction in pricing subjectivity. This is evidenced in terms of the dividends discount rate and the outlook of future performance (dividends projection) of the company that is being valued. Under this framework, as in the case of derivatives pricing, the discount rate is the risk-free interest rate (not the cost of equity), and the subjectively-determined drift of the stochastic process that drives the operating profits of the company is eliminated. The challenge that emerges is that the structure of the new drift of the operating profits process is undetermined under the methodology (this is a similar feature that is observed in the case of derivatives related to non-tradable assets). This paper proposes that the structure of this new drift is represented by the (country-specific) GDP nominal growth effect. This proposition is tested through an empirical study that involves several companies of 10 equity indices worldwide, for two different periods (1995-2004 and 2005-2014). The results of the test are reasonably successful, meaning that further research related to the framework could provide useful information for the understanding of financial assets and their links to the macro-economy.
Introduction
One of the most influential advances in the modern financial theory has been the introduction of the non-arbitrage valuation framework developed by Black and Scholes [1] and Merton [2] . The framework has been further generalized by Ross [3] , Rubinstein [4] , Harrison and Kreps [5] (among others) and it is mainly applied to the valuation of derivatives (and not necessarily to other asset classes). As stated by Cochrane [6] , it seems that there is a pricing theory depending on the type of asset (equities, bonds and options). This evidences that there is space for further developments in the area of asset pricing under non-arbitrage conditions.
Rey [7] has recently proposed a non-arbitrage valuation framework for equities, opening a new area of research in this topic. The results of the proposed method provide similar conclusions as the ones provided by the non-arbitrage valuation method applied to derivatives. In fact, under the framework, the equity of a specific company is interpreted as a set of path-dependent financial derivatives; considering the EBITDA (or any other representative measure of operating profits) of the Company as underlying, each dividend payment date as maturity date, and a pay-off that depends on the dynamics of the company (business performance, financial structure and dividend strategy). The framework assumes that the operating profits process is continuously observed, and each future dividend (under the path-dependent financial derivative interpretation) is traded. Of course, these last two assumptions represent conditions that are difficult to encountered in the real world (the profits of companies are observed once a quarter, and derivatives related to dividends are difficult to find), but for the purpose of this paper those two assumptions are maintained. This abstraction is useful for the improvement of the theoretical framework. Future research should address the implications of relaxing both assumptions. In this sense, estimation (expectation) of operating profits could be incorporated as a continuous time process. Furthermore, a bond and equity related to the corresponding company could be used as hedging instruments (offsetting the risk factor provided by the operating profits process).
As part of the methodology, for valuation purposes, the original drift of the instantaneous level of EBITDA process is eliminated. As in the case of derivatives pricing, this generates a more objective valuation. The issue that emerges is that the structure of the new drift is undetermined under the methodology. This is also observed in the pricing of derivatives related to non-traded assets (for example Pelsser [8] , in the case of interest rates derivatives), as EBITDA, in this case. In the original formulation of the framework, Rey [7] proposed that (for valuation purposes) the instantaneous level of EBITDA process is driven by the (country-specific) inflation effect (defined as the impact in the drift of the process due to inflation), supporting the proposal by an empirical analysis for a particular market (S&P 100, for the period 2000-2014), but stating that the proposition should be further validated.
This paper presents a different proposition for the mentioned drift, based on the GDP nominal growth effect (defined as the impact in the drift of the process due to GDP nominal growth), instead of the inflation effect. Moreover, an empirical test (applying standard econometric technics, Greene [9] , and non-standard econometric technics based on stochastic simulation), for the validation of the proposition, is presented. The study is based on financial information of several companies related to 10 equity indices worldwide, for two different periods (from 1995 to 2004, and form 2005 to 2014). The results of the test are reasonably successful.
The valuation approach, complemented by the proposed and tested hypothesis presented in this paper, offers some advantages in relation to the traditional methods that are used for the valuation of equities (based on Sharpe [10] , Ross [11] and Fama and French [12] , among many others). This means that further research related to the framework could provide useful material for the understanding of financial assets and their links to the macro-economy. This could be an interesting contribution, since the macro-finance models (represented by Hansen [13] ), in practice, take into account the implicit but not the explicit link between the real economy and the financial asset prices.
Future research should be focused on the incorporation of the GDP growth rate as a (potential risk-neutral) stochastic process. This is consistent with Vassalou [14] that, using a factor model, considers changes in GDP a crucial risk factor in equity returns.
Theoretical Framework
The theoretical framework that gives space to the empirical analysis that is developed in this paper is based on the non-arbitrage valuation of equities methodology. This methodology states that, under non-arbitrage conditions, the value of the equity of a company (at time t ≥ 0) is given by:
where the expectation is conditional to the information available at valuation time t, under the measure Q. The parameter δ is the risk-free short-term interest rate and the function f (Υ(t i )) determines the dividend amount that is distributed at each predefined future time t i (t i ≥ t; i = 1, 2, . . .). The dividend function depends on the amount of distributable cash-flows Υ (u), which presents path-dependent features and it is determined, depending on the characteristics of the company, by the interaction between the evolution of EBITDA, the long-term debt, the capital requirements, the short-term debt, the corporate taxes, and the dividend strategy. Moreover, the amount of distributable cash-flows is a Markov process in which the stochastic component is provided by the EBITDA process E t i−1 (u) = u t i−1 ε (y) dy, being ε (y) its instantaneous level. The instantaneous level of EBITDA, ε (y), under the measure Q, is driven by:
where ζ (ε, y) and ν (ε, y) represent the drift and the volatility of the process, and W Q (y) is a Q-Brownian motion. Based on the Radon-Nikodym and the Cameron-Martin-Girsanov theorems (change of measure procedure), the drift of the process is given by:
where ξ (ε, y) represents the actual drift of the instantaneous level of EBITDA process (under the original physical measure P, not under the measure Q) and γ (ε, y) is the market price of earnings risk (interpreted as the additional return of the equity in excess of the short-term risk-free interest rate, for taking an additional unit of earnings risk). This change of measure is possible if the Novikov condition is in place (
As it can be observed, the drift in Equation (2) does not equal the risk-free short-term interest rate. In this case, as in the case of derivatives pricing related to non-tradable quantities, the drift is a function in which the market price of risk is explicitly involved.
Even when ξ (ε, y) and ν (ε, y) could be observed or estimated, this is not the case neither for ζ (ε, y) nor γ (ε, y), which are undetermined under the methodology. The next section presents a proposal for the structure of these two important components of the methodology.
A Proposal for the Structure of ζ and γ
The original formulation of the non-arbitrage valuation of equities methodology proposed the (country-specific) inflation effect as the drift of the instantaneous level of EBITDA process, under the measure Q, presenting an empirical analysis for a particular market (S&P 100, for the period 2000-2014), and stating that the proposition should be further validated. This paper presents a different proposal for the mentioned drift, based on the GDP nominal growth effect, instead of the inflation effect.
Proposition 1 (the GDP nominal growth effect):
The relationship between ξ (ε, y) and ν (ε, y) is given by:
in which ζ (ε, y) corresponds to the GDP nominal growth effect.
Equation (4) is a re-expression of Equation (3), which emerges as a result of the change of measure. The proposition states that EBITDA nominal growth is explained by: (1) a base growth component that is provided by the GDP nominal growth effect; and (2) an additional growth component that depends on the risk (volatility) characteristics of the business.
An alternative interpretation of Equation (4) is based on the following expression:
This indicates that the EBITDA nominal growth in excess of the GDP nominal growth effect (ξ (ε, y) − ζ (ε, y)) is proportional to the risk characteristics of the business (γ (ε, y) ν (ε, y)).
It is clear that the market price of earnings risk (γ (ε, y)) is a signed quantity, it could take positive or negative values. But, independent of its sign the stated proportionality would remain:
More important, independent of the sign of the market price of earnings risk, the structure of ζ (ε, y) (the drift involved in Equation (2)) would not be altered. This is very important for the framework since, if the proposition is validated, it means that the new drift (under the measure Q) would be unique.
The empirical validation of the presented proposition for ζ (ε, y) and γ • (ε, y) = |γ (ε, y)| motivates the study developed in the next section.
Empirical Study
The empirical study developed in this paper is oriented to validate the proposition presented in the Section 3. This proposition is divided in two pieces (hypotheses):
−
Hypothesis 1 (the market price of earnings risk):
Hypothesis 2 (the GDP nominal growth effect): ζ (ε, y) corresponds to the GDP nominal growth effect.
For the study, it is assumed that ξ (ε, y) = (y) ξ and υ (ε, y) = (y) ν. Then,ξ andν are defined as empirical parameters constructed over a 10-year period of annual EBITDA for each specific company:
The determination of the 10-year period is arbitrary, but takes into account that: (1) for a shorter sample period, the parameters would not be completely stabilized; and (2) for a longer sample period, structural changes could distort the parameter estimation or availability of information would not permit to analyze more than one period (as it is analyzed in the presented study).
The presented empirical parameters are estimated (based on financial information) for the companies related to 10 equity indices worldwide. Table 1 contains the markets (indices) under analysis. Appendix A contains the estimated parametersξ andν for each of the companies, for two separate periods (from 2005 to 2014 and from 1995 to 2004). The estimation is only included for the companies for which information is available during each of the complete period under analysis (for this reason, not all the companies are included).
In line with the presented proposition, the first step is to estimate the coefficients related to the following regression equation, for each of the markets and the periods under analysis:
whereξ h, j is the EBITDA growth rate of the company j (included in the index h), as defined in Equation (5),ζ h is the 10-year average GDP nominal growth rate of the country in which the companies included in the index h operate,ν h, j is the EBITDA volatility for the company j (included in the index h) as defined in Equation (6), e h, j is a residual component, ρ h and γ
• h are the coefficients involved in the regression.
The relevant information related to the regression proposed in Equation (7) is included in Tables 2 and 3 , for each of the markets and the periods under analysis. Table 2 . Regression Results (Equation (7)): 2005-2014. Table 3 . Regression Results (Equation (7)): 1995-2004. (2005-2014 and 1995-2004) , the GDP nominal growth rate (ζ h ) of the country in which operate the companies included in each index. The detailed information that supports the GDP nominal growth rate is included in Appendix B. In addition, the tables contain the estimated parameters of Equation (7):ρ h andγ • h . Alternatively, the estimated parameter of Equation (7) without the intercept is also included:γ • * h . The tables include the standard error related to each estimation (se h and se * h ). As complementary information, the size of the sample (N h ) and the coefficients of determination (R 2 h and R 2 * h ) for each regression are also presented. Finally, it is informed if heteroscedasticity correction (H.C.) has taken place. A Test for heteroscedasticity (White test) is contained in Appendix C. In the cases in which heteroscedasticity correction is needed, the correction is based weighted least squares, assuming a quadratic variance.
For the 2005-2014 period, all the markets contain sufficient information for the analysis. In contrast, for the 1995-2004 period, not all the markets contain all the sufficient information for the analysis (due to the lack of data). For this reason, for that period, Table 3 is not completed for HSFML25, SENSEX and KOSPI50.
Testing Hypothesis 1: The Market Price of Earnings Risk
The market price of earnings risk, γ
• (ε, y), that emerges from the non-arbitrage valuation of equities methodology, is interpreted as the additional return of the equity in excess of the short-term risk-free interest rate, for taking an additional unit of earnings risk. This quantity plays a significant role in the proposition presented in Section 3, as it drives the relationship between |ξ (ε, y) − ζ (ε, y)| and ν (ε, y). Moreover, the hypothesis states that this relationship is linear. Using the coefficient of determination (from Tables 2 and 3 ) as a measure of goodness of fit, it could be observed that the presented relationship is clearly linear and it is driven by γ
• (ε, y).
For the period 2005-2014, the average coefficient of determination is 83.7% (minimum of 72.4%) for the regression including the intercept, and 76.3% (minimum of 70.7%) for the regression excluding the intercept. For the period 1995-2004, the average coefficient of determination is 85.2% (minimum of 71.9%) for the regression including the intercept, and 83.7% (minimum of 68.1%) for the regression excluding the intercept. This results support the proposed hypothesis.
Testing Hypothesis 2: The GDP Growth Effect
The GDP nominal growth effect is proposed to be the drift of the instantaneous level of EBITDA process, under the measure Q. In order to test this hypothesis, it is performed an analysis of the individual significance of the parameter ρ h , for each market (h). In addition, it is presented a global significance test for the parameter ρ, taking into consideration all the markets together.
The economic interpretation of the non-significance of this parameter is that the GDP growth effect hypothesis (as a deflactator of the EBITDA growth) is presumably correct, since the intercept in Equation (7) does not provide additional information (i.e., the relevant information is already provided by the GDP nominal growth).
In this sense, for each market (h) and for each period under analysis, the following hypotheses are presented:
The results of the test (at a 95% confidence level), for each market and period under analysis, are shown in Tables 4 and 5 . In addition to the significance test for the parameter ρ h , for each individual market (h), it is presented a global significance test, taking into consideration all the markets together. For each period under analysis, the following hypotheses are presented:
For the purpose of the test, a global statistic (g) is constructed;
in which each t h corresponds to the statistic of the individual significance test of each market (h) and H corresponds to the number of markets under analysis. It is clear that g has not a known distribution, but for the purpose of obtaining the critical values and the p-values a simulation of 10,000 scenarios is generated. This consists in simulating each t h and then constructing g, according to the definition presented above.
The results of the test (at a 95% confidence level), for each period, are shown in Table 6 . The table shows, for periods under analysis, the statistic (g), the critical value (g c ) at a 95% level of confidence, and the p-value. Finally, it is informed if H 0 is rejected or not. Similar to the conclusions that emerge from the individual test, the results of the global test support the non-significance of the parameter ρ.
The proposed tests (individually and globally considered) provide sufficient evidence in favor of not rejecting H 0 (i.e., ρ = 0). Nevertheless, this is an hypothesis that should be continuously tested.
The Stability of the Market Price of Earnings Risk
The aim of this section is to test the stability of the market price of earnings risk. In this sense, it is analyzed if the market price of earnings risk is the same for all the markets (geographical stability), at a point in time. Furthermore, it is analyzed if the market price of earnings risk is the same for each period (time stability). In both cases, an individual test (for each market (h)) and a global test (taking into consideration all the markets together) are performed.
Due to the results obtained in the previous section, the model (Equation (7)) that is utilized for the tests does not include the intercept (ρ h ).
Geographical Stability of the Market Price of Earnings Risk
For testing the geographical stability of the market price of earnings risk, the following hypotheses for each individual market are presented: 
Similar to the case of the individual geographical stability test, under H 0 it is assumed that the geographically-stable γ
• is the average of γ
• h (h = 1, 2, . . . , 10). For the purpose of the test, a global statistic (g) is constructed;
in which each t h corresponds to the statistic of the individual geographical stability test of each market (h) and H corresponds to the number of markets under analysis. As in the global test included in the previous section, it is clear that g has not a known distribution, but for the purpose of obtaining the critical values and the p-values a simulation of 10,000 scenarios is generated. This consists in simulating each t h and then constructing g, according to the definition presented above.
The results of the test (at a 95% confidence level), for each period, are shown in Table 9 . This means that each market would have its own market price of earnings risk.
Time Stability of the Market Price of Earnings Risk
For testing the time stability of the market price of earnings risk, the following hypotheses for each individual market are presented:
where t i and t i+1 correspond to each of the periods. Under H 0 it is assumed that the time-stable γ • h is the average γ
/2 (for each h = 1, 2, . . . , 10). This average is only possible in the cases of the markets that information is available for both periods under analysis. For this reason, only seven markets are analyzed.
For the purpose of the test, the following statistic (g h ) is constructed;
, in which t h,t i and t h,t i+1 correspond to the statistic of an individual test (i.e., t h,t i = (γ
))). Again, it is clear that g h has not a known distribution, but for the purpose of obtaining the critical values and the p-values a simulation of 10,000 scenarios is generated. This consists in simulating t h,t i and t h,t i+1 , and then constructing g h , according to the definition presented above.
The results of the test (at a 95% confidence level), for each period, are shown in Table 10 . h , for each market (h), it is presented a global test, taking into consideration all the markets together. In this sense, the following hypotheses are presented:
Similar to the case of the individual time stability test, under H 0 it is assumed that the
/2 (for each h = 1, 2, . . . , 10). For the purpose of the test, a global statistic (g) is constructed;
in which each g h corresponds to the statistic of the individual time stability test of each market (h) and H corresponds to the number of markets under analysis. As in the global test included in the previous section, it is clear that g has not a known distribution, but for the purpose of obtaining the critical value and the p-value a simulation of 10,000 scenarios is generated. This consists in simulating each g h and then constructing g, according to the definition presented above.
The results of the test (at a 95% confidence level) are shown in Table 11 . The table shows, the statistic (g), the critical value (g c ) at a 95% level of confidence, and the p-value. Finally, it is informed if H 0 is rejected or not. The results of the global test are conclusive. The time stability hypothesis for the parameter γ
• is rejected. This means that as time evolves the market price of earnings risk would not remain constant.
Discussion
As originally presented, the non-arbitrage valuation of equities methodology is not oriented to predict how equities market prices behave, but it is oriented to generate an equity valuation method as objective as possible. Nevertheless, if actual market prices do not allow arbitrage opportunities, it is expected that those prices would converge to the values that emerge from the methodology.
The main contribution of this paper is to generate and test a proposition that allows defining the undetermined components of the methodology: the drift of the instantaneous level of EBITDA under the measure Q (as the GDP nominal growth effect) and, consequently, the market price of earnings risk.
The non-arbitrage valuation framework (complemented by the proposed and tested hypothesis) presents some advantages in relation to the traditional methods that are used for the valuation of equities:
−
The non-arbitrage approach does not use (historical or projected) equities prices information (or equities returns) for the derivation of current equity values, avoiding the absorption of market sentiments or market mispricing. The traditional method applies discount rates (cost of equities) that are based on equilibrium models (i.e., factor models), in which observed market prices and returns intervene, assuming that those prices are correctively determined.
The non-arbitrage approach does not require a subjective outlook for the performance of the company that is being valued, as it is the case of the traditional method that requires a subjective estimation of future dividends. Under the non-arbitrage approach, the subjectively-determined drift for the instantaneous level of EBITDA is eliminated. − Under the traditional method, for the cost of equity derivation, it is very important to carefully select a market portfolio (or reference index). This provides subjectivity to the valuation since it is not completely clear which the components of that portfolio (or index) should be. In this sense, for the same equity, different valuations could emerge depending on the selected market portfolio. In contrast, under the proposed method, this potential inconsistency is avoided. − In the case of the factor models, the issue of selecting the appropriate factors is an important challenge, since they could change over time. It is usual to observe that the factors that were useful in the past, are not necessarily useful for the future. Moreover, the parameters (coefficients related to each factor) involved in the regression equation are not stable over time. Under the non-arbitrage approach, the only factor that is involved is the GDP nominal growth rate.
The macro-finance models consider market prices as a response variable, depending on the impulse (behavior) of several macro-variables. This relationship is implicit in the impulse-response function. Instead, under the non-arbitrage framework, the link between the real economy and the financial assets prices is explicit.
Beside these points, a new challenge for the proposed approach emerges. Under the non-arbitrage valuation method, the future GDP nominal growth rate is involved. It is clear that this is a variable that is difficult to predict, especially in the long-run. In this sense, it would be necessary to incorporate it, as part of the framework, as an additional stochastic process. This gives space to an area of future research, in which a risk-neutral process for the GDP growth rate could be introduced.
Conclusions
This paper complements the non-arbitrage valuation of equities framework by proposing the GDP nominal growth effect as an important driver of equities values. Moreover, the proposition is tested through an empirical analysis based on several companies worldwide, for two different periods. The test provides sufficient evidence in favor of the proposition. Furthermore, additional conclusions for the behavior of the market price of earnings risk have been generated: it would not be the same value for all the markets, and it would not be constant over time.
The non-arbitrage valuation approach, complemented by the proposed and tested hypothesis presented in this paper, offers some advantages in relation to the traditional methods that are used for the valuation of equities. This means that further research related to the framework could provide useful information for the understanding of financial assets. In particular, future research could be oriented to the incorporation of the GDP nominal growth rate as an additional (potential risk-neutral) stochastic process into the framework.
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Appendix A
This appendix contains the estimated parametersξ andυ for each of the companies (in line with Equations (5) and (6) The estimation is only included for the companies for which information is available during each of the complete period under analysis (for this reason, not all the companies are included). Table A3 . Estimated parameters ξ (%) and ν (%), for each company of TPXC30 index. Table A4 . Estimated parameters ξ (%) and ν (%), for each company of HSFML25 index. ---3968  ----1088 14.5 10. 6  --3988  ----1109  ----688  ----1288  ----700  ----1398  ----728  ----151 23.6 13. 0  --762  ----1880  67.7  90.2  --836  ----2318  ----857  6.3  11.0  --2601  ----883  ----2628  ----939  ----267  ----941  ----3328  ----992 Then, it is defined w = N .R 2 , where N is the size of the sample, and R 2 is the coefficient of determination of the auxiliary regression equation. If w is larger than 5.9915 (since w ∼ χ 2 2 ) then heteroscedasticity is detected.
In the cases in which heteroscedasticity is detected, then weighted average least squares are applied for correction. This is based on a quadratic variance assumption (ê 2 h, j ). If, for the company j, ê 2 h,j ≤ 0 then the point (information related to the company j) is eliminated from the sample. This explains, in some cases, that N h of Tables 2 and 3 contains less elements than the sample that is included in the tables of Appendix A. Tables C1 and C2 contain the results of the test, indicating in each case if heteroscedasticity is detected. 
